Developing countries have traditionally used import tariffs to protect infant industries and raise revenues to finance government expenditure plans. This approach, however, has tended to protect inefficient industries and to some extent hindered economic development. A disaggregated import demand model is estimated using monthly observations on 91 of the most frequently imported product items in Barbados. The results are then employed to evaluate the feasibility of harmonising tariff rates to some single rate across product categories. The results suggest that the estimation of aggregate import demand equations is not accepted by the data and therefore could result in misleading inferences. The policy simulation exercise indicates that a single applied tariff at the 30% level would essentially be revenue neutral, while rates above this level would lead to reductions in tax receipts.
Introduction
Imports are a key component of all Caribbean economies. Given the limited availability of natural resources in the Caribbean, imports are fundamental inputs for regional industries, particularly tourism. Imports can also positively affect economic growth if import productivity increases the rate of investment in domestic capital relative to the import intensive industries (James 2006) . Figure 1 plots the ratio of imports of goods and services to GDP for 14 Caribbean territories in 2005. On average, imports of goods and services represent about 64% of GDP, or about 37 percentage points higher than the average for the rest of the world. In Guyana, the ratio reached as high as 124%, with most of the other countries falling in the 60% to 80% of GDP range.
Much of the previous literature on import demand in the Caribbean and abroad has been either country-specific or looked at import demand for particular regions (see Deyak et al. 1989 for a review of the literature for the United States and other developed countries). Moreover, this interaction has tended to focus on employing differing econometric techniques to estimate aggregate demand functions. Building on this literature, this study attempts to provide a product-level assessment of import demand in Barbados using monthly observations on 91 products at the four-digit Standard International Trade Classification (SITC) level between January 2000 and September 2008.
There is good reason to think that import demand should be assessed at the product level rather than at the aggregate level. This is most evidenced by the fact that many previous studies have found that estimates of aggregate import demand have been characterised by parameter instability (Mah 1993; Zietz and Pemberton 1993; Bahmani-Oskooee and Rhee 1997) . It is very possible that this parameter instability could be driven by changes in the underlying import demand for particular products or the inclusion of new products in the individual's consumption bundle.
Product-level estimates of import demand are particularly useful for policy purposes. Trade negotiators may utilise the estimates provided in this study to conduct simulations of the potential impact of tariff changes. The study's findings may also be employed to illustrate the countries or region(s) with which there is greater need for negotiations as they may represent source markets for respective goods. Fiscal authorities may also find the estimates useful for forecasting future trade tax receipts as well as the effects of tariff harmonisation, i.e. a single tariff rate applied to all imported products.
Given the importance of imports to regional economies, it is important to understand the factors that influence import demand in the Caribbean. 
656
W. Moore and D. Morris Gafar (1995) estimated income elasticities for three Caribbean countries (Guyana, Jamaica and Trinidad and Tobago) and found that relative prices and real income were the most essential determinants of aggregate import growth in these territories. Similar results were obtained by Maxwell and Moore (2004) using panel cointegration techniques and annual observations on 12 Caribbean countries. Birchwood and Jhinkoo (2007) tested the hypothesis of James (2006) that there is a link between economic development and the elasticity of demand of imports. The authors reported that in most countries the income elasticity coefficient fell below unity, suggesting that the demand for imports is inelastic. The current study is most closely related to Shiells (1991) which estimates disaggregated import demand functions for the United States to test the hypothesis that errors may result from using unit-value indexes as measures of import prices. In the study, the quantity of imports demanded for a given commodity group is regressed on current as well as lagged prices of imports and competing domestic goods, economic output and quarterly dummy variables to account for seasonality. The lags of imports and output are assumed to follow a gamma distribution. Estimating the model using autoregressive two-stage least-squares, Shiells reports that for most commodity groups the import price elasticity was negative and greater than one, while the output elasticity varied from commodity to commodity. Overall, the study suggested that using unit-value indices did not introduce significant bias into the regression results. The present study differs from Shiells (1991) in three main areas: (1) the model explicitly considers the effects of import duties, rather than subsuming them in import prices; (2) a panel estimation approach is employed, which allows the author to consider both the space and time dimensions; and (3) the results are utilised to consider the potential implications of tariff harmonisation.
The remainder of this article is structured accordingly: following the introduction, Section 2 outlines the methodological strategy employed to estimate the disaggregated import demand functions, while Section 3 offers an assessment of the product-level trends in imports in Barbados. Section 4 provides a discussion of the findings of the article. Finally, Section 5 summarises the main policy implications and concludes.
Econometric strategy
If there are i ¼ 1,2, . . . , k products, traditional import demand equations usually relate real imports (m) to real income (y) and the ratio of import prices (P m ) to domestic prices (P d ). Estimating a traditional demand function for imports using this approach can be somewhat difficult due to the interaction between supply and demand. Murray and Ginman (1976) , therefore, note that this problem has been traditionally solved by assuming that supply elasticity is infinite: an almost unlimited supply of a product or 
where, b and g are the income and relative prices elasticities of demand, respectively, f is the elasticity of demand with respect to duties applied, d it represents the duties applied on each product, while e is an error term, which is assumed to be normally distributed with a zero mean and a constant variance. All estimated equations include seasonal dummy variables as well as an AR term. Equation (1) is estimated for each of the 91 products under the assumption that expenditure shares are constant fractions of total expenditure. The model estimated above allows one to compare the responsiveness of various commodities to changes in income, prices and duties. It is expected that non-durable products, in general, should be less responsive to changes in both prices and income as theory suggest that the greater the percentage of income spent on a commodity, the greater its elasticity is likely to be. Because most durable items tend to represent a large proportion of the consumer's budget, the price elasticity of demand for these items should, on average, be higher than those for smaller budget non-durable items. Similarly, since duties magnify price changes, a similar reasoning should therefore be applied to the elasticity of imports relative to import duties. As most durable items can be considered luxuries, the income elasticity of demand for these items should, in general, be greater than that of nondurables. Equation (1) allows the coefficients in the model to vary across each product group. This flexible specification permits the evaluation of a number of restrictions that are usually imposed when an aggregate import demand function is estimated. One of the main assumptions of this framework is that the coefficients of the import demand function can be restricted to some representative aggregate demand function. To test this hypothesis, we employed the test for poolability under the general assumption that e*N(0,O) (see Baltagi 2005, 55-56) . F-tests are also undertaken on price, income and the applied duties coefficients to check if they can be restricted across product groups.
The estimated model is then employed to conduct a simulation regarding the potential effects of tariff harmonisation on import demand and tariff receipts. This simulation assumes that the estimated coefficients presented are likely to remain unchanged, at least in the short term. Various tariff harmonisation levels are considered: (1) 10%; (2) 20%; (3) 30%; (4) 40%; Dd, where c is the marginal propensity to consumer, under the various tariff harmonisation scenarios. This income effect attempts to account for the impact of higher disposable incomes on the demand for imports.
Data sources and descriptive statistics
Disaggregated monthly observations on imports at the four-digit SITC level for 91 products between January 2000 and September 2008 are utilised in the study. The dataset represents 35% of the total consumer goods imported into the island. For each product, the ratio of import values to import quantities is employed as a proxy for the import price of each product. Domestic prices are taken from the retail price index database of the Barbados Statistical Service. All prices are in local currency terms (Barbados' exchange rate is fixed to the US dollar: BDS$2 ¼ US$1). Data on the actual applied duties were taken from customs database obtained from the Barbados Statistical Service. Real gross domestic product, obtained from the Central Bank of Barbados, is employed as the proxy for domestic activity. Figure 2 provides the kernel density graphs (non-parametric estimates of the probability density function) for all the variables used in the study. The density functions for all the variables do not have the shapes expected of normally distributed variables. In the case of product-level variables, real imports, price and applied tariffs follow a tent-shaped distribution. This preliminary analysis is in line with the calculated skewness and kurtosis statistics presented in Table 1 . For all of the categories considered the skewness statistic is less than one indicating that the data are skewed to the left. There are particularly long left tails for beverages, breads and biscuits, feeding stuffs for animals and dairy product imports. Only in the case of chemical and related products is the measure of kurtosis close to three, for all the other product categories the relatively large kurtosis statistics suggests that importation of the respective product volume into the island have a peaked distribution.
In terms of the comparison between durable and non-durable goods, the statistics in Table 1 implies that durable goods imports tend to be less volatile than that for non-durables. The coefficient of variation for durable goods imports into the island was 0.131, compared to 0.216 non-durable goods imports. The finding that the volatility of durable goods is lower than that for non-durables is not surprising, as businesses tend to vary their orders for non-durables in an attempt to reduce losses due to spoilage. The skewness and kurtosis of both series depart significantly from that expected from a series that is normally distributed. The calculated skewness and kurtosis for non-durable goods were 71.267 and 8.874, respectively, while 
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W. Moore and D. Morris suggest that most of the applied tarrifs tend to range between 0% and 60% over the review period, with the tarrifs on some items rising to above 200%. To further evaluate the dynamic properties of the series, panel unit root statistics were calculated for the product-level series, real imports, relative prices and duties applied, while the usual time series augmented DickeyFuller (ADF) statistic was applied to income. Four panel unit root statistics (Levin, Lin and Chu t* 2002; Im, Pesaran and Chin w* 2003 ; ADF Fisher chi-square; and PP Fisher chi-square) were calculated and the results are provided in Table 2 . The p-values provided in the table in square brackets suggest that the null hypothesis of a unit root in the series employed in this study could not be accepted at normal levels of testing.
Empirical findings 4.1. Estimated equation
The pooled import demand equation results, which are similar to the traditional aggregate demand function that would normally be estimated, are provided in Table 3 . In accordance with a priori reasoning, the coefficient on the price and applied tariff variables are negative and statistically significant, while the null hypothesis that the income elasticity can be restricted to zero could not be rejected at normal levels of testing. These results suggest that increases in the prices and tariffs on imported The Journal of International Trade & Economic Developmentgoods leads to a reduction in demand for these items. The coefficient on the relative price variable indicates that the demand for imports in Barbados is relatively price inelastic, i.e. demand is not very responsive to changes in income. Table 3 provides the results from relaxing the assumption that the equation intercept is the same across all product categories. An F-test was conducted to evaluate whether or not the regression fixed effects could be restricted to zero. The calculated F-statistic was 126.146[0.000], suggesting that the null hypothesis that the fixed effects are not significantly different from zero should be rejected at the levels of testing. Only the fixed effects coefficient estimates are presented in Table 3 as the Hausman test for correlated random effects had a chi-square statistic of 12.371[0.006], indicating that disturbances may be correlated with the explanatory variables making the random effects estimator biased and inconsistent.
The coefficient estimates obtained from the fixed effects specification differ somewhat when compared to the pooled equation results. The elasticity estimate for applied duties remains negative and significant; however, it is now less than one suggesting a less than proportionate response of imports to tariff rate changes. Another change in the estimated equation results is that the income elasticity is now statistically different from zero, with a coefficient greater than zero. This result indicates that a 1% increase in income is likely to lead to a more than 1% rise in imports, and consequently the import to GDP ratio should climb over time. This is indeed the case, as the import to GDP ratio rose from 57% in 2000 to 61% in 2008.
Both the pooled and fixed effects equation results assume that the slope coefficients are the same across each product category. However, given the wide variety of goods imported into most countries this assumption is somewhat heroic. Table 4 provides F-tests for the null hypothesis that the coefficients on relative prices, tariffs and income can be restricted across products. The results provided in the table suggest that the null hypothesis cannot be accepted at the normal levels of testing for all the variables included in the regression model. These results therefore suggest that a disaggregate import demand model appears to be the most appropriate specification.
Major product-level groupings are provided for ease of analysis. In relation to beverages, these products tended to be inelastic in response to price changes (elasticity less than one). Similar findings are obtained in relation to meats, fruits and vegetables, breads and biscuits, condiments, The Journal of International Trade & Economic Developmentsugars, spices and teas, dairy products and animal vegetable oils and fats. In contrast, cereals and cereal preparations as well as durable goods were more responsive to price changes. As it relates to cereals and cereal preparations, the price elasticity of demand coefficient exceeded one for all of the statistically significant price elasticity coefficients in this category. On a more general level, for durable goods the absolute value of the price elasticity tended to exceed one in most instances.
Tariff harmonisation
The disaggregated import demand equation estimated in Section 4.1 can be used for a number of policy simulations. In this study, the model is employed to assess the possibility of converging tariff rates to some single rate across product categories. Such a change would greatly simplify import procedures for businesses, reduce the administrative burden for government and encourage domestic competition. Before this simulation is conducted, however, the forecasting properties of the disaggregated equation are first assessed by comparing the forecasts generated to those from the pooled equation. Both equations are estimated over a restricted sample of 2000M1 to 2006M12. The equations are then Table 7 . Simulated effects of tariff harmonisation on import demand (deviation from baseline value).
Import category Table 8 . Simulated effects of tariff harmonisation on tariff revenue (deviation from baseline value).
Import category Table 6 . All three forecast evaluation statistics suggest that the results of the disaggregated model were much closer to the actual values when compared to those from the pooled model. The Morgan-Granger-Newbold test (Granger and Newbold 1977) , which evaluates the statistical significance of the two forecasts, suggests that this difference was also statistically significant at normal levels of testing. Given that the model generates forecasts that are relatively close to actual values, the model is then employed to simulate the impact of tariff harmonisation on import demand as well as tariff revenues. Table 7 provides the deviation of the import values from the simulated baseline values. The baseline assumes that applied tariffs are set at the sample mean for tariffs over the period January 2000 to September 2008. Five tariff harmonisation scenarios are considered: (1) 10%; (2) 20%; (3) 30%; (4) 40%; and (5) 50%. The results are provided in Table 7 . On average, the results suggest that as a result of harmonisation of applied tariffs to a level of 10%, the demand for imports is likely to rise by about 10%. In contrast, harmonisation to an applied tariff of 20% would lead to a mean increase in imports of 3%. Tariff harmonisation at higher levels would lead to reductions in imported goods.
The impact of tariff harmonisation on tariff revenues is provided in Table 8 . At the 10% level, the rise in import demand more than offsets the reduction in tariff rates and therefore leads to a 1.2% increase in tariff duties. In contrast, tariff harmonisation at the 20% level resulted in a 2.3% expansion in tariff revenues relative to the baseline. Harmonisation of tariffs at the 30% level would essentially be revenue neutral, while rates any higher than this level would lead to a reduction in lower tax receipts.
Conclusions
Imports are very important to most industries in Caribbean economies. On average imports of goods and services represent about 64% of GDP for Caribbean countries, 37% percentage points above the average for the world. Understanding the factors that influence import demand in the Caribbean is crucial to the development of any foreign policy on the part in these countries (Lewis-Bynoe et al. 2002) . The present study uses disaggregated monthly observations on imports at the four-digit SITC level for 91 products between January 2000 and September 2008. The pooled import demand equation (which is similar to the traditional aggregate demand function that would normally be estimated elsewhere) had negative and statistically significant coefficients on the price and applied tariff variables. The null hypothesis that the income elasticity can be restricted to zero could not be rejected at normal levels of testing in this model. The coefficient on the relative price variable suggests that the demand for imports in Barbados is relatively price inelastic. Allowing the intercept to vary did not change the sign or significance of the elasticity of applied duties, albeit now less than unity. This suggests that tariff rate changes result in a less than proportionate response in the import volume demanded. Additionally, the income elasticity was now statistically different from zero, and had a coefficient greater than zero. This result implies that a 1% increase in income is likely to lead to a more than 1% rise in imports, and consequently the import to GDP ratio should climb over time.
The use of an F-test rejected the null hypothesis that the coefficients on relative prices, applied tariffs and income can be restricted across product groups. Thus, for policy simulations on possible tariff changes the disaggregated import demand equation was used. On average, the results suggested that as a result of harmonisation of applied tariffs to a level of 10%, the demand for imports is likely to rise by about 10%, while harmonisation to an applied tariff of 20% would lead to a mean increase in imports of 3%. Tariff harmonisation at higher levels would lead to reductions in imported goods. Concomitantly, at the 10% level, the rise in import demand more than offsets the reduction in tariff rates and therefore leads to a 1.2% increase in tariff duties. Tariff harmonisation at the 20% resulted in a 2.3% expansion in tariff revenues relative to the baseline. Harmonisation of tariffs at the 30% would essentially be revenue neutral, while rates any higher than this level would lead to a reduction in lower tax receipts.
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In concluding, this study has demonstrated that there are definitely benefits to be accrued from the use of micro-econometric techniques to analyse issues surrounding import demand. However, we would argue that it is crucial that further research, expanding the basket of products be undertaken. Nonetheless, from this study it was identified that the best approach for Barbados, in light of talks on tariff harmonisation, would be an approach harmonising tariff to a level below or equal to the 30% level. Such attempts at harmonisation would enhance the process of administering duties, reduce administrative costs as well as enhance the ease of doing business. Administering duties is often somewhat contentious given product innovations and the invoicing practices of business. With a common tariff across all product groups, the ease of administering duties would be enhanced greatly. In a similar vein, given the simplicity of a single tariff system, it would be significantly easier to implement cost saving measures in regards to tax administration. Finally, having a single tariff would also reduce the uncertainty surrounding goods into the island and should therefore smooth the process of doing business.
